Quantum dots (QDs) can be incorporated into solid state photonic devices such as cavities or waveguides that enhance the light-matter interaction. A near unit efficiency light-matter interaction is essential for deterministic, scalable quantum information devices [1] . In this limit, a single photon input into the device will undergo a large rotation of the polarization of the light field due to the strong interaction with the QD. In the past preliminary results have indicated that a low quality-factor (Q~290) pillar microcavity possesses a high β-factor and that the instantaneous interactions should be deterministic and with high fidelity [2].
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Here we measure the instantaneous response of the device and a macroscopic (~ π or ~120 o ) lower bound for the phase shift of the reflected light as a result of the interaction is measured [3] . We are able to measure this large angle by measuring the phase shift over timescales shorter than the time for spectral diffusion (~100 μs). To do this we monitor times when the count rate of the cross-polarized channel is high and the co-polarized channel is low. A lower bound to the phase shift is determined from these measurements and plotted in Fig. 1 . The dark blue region shows that for the correct conditions the phase shift is consistently above 0.63π In fact, it is known that over a value of 0.5π, one should expect a phase shift of π. Our measured values are limited just by the collection efficiency and mode-matching capabilities. Fig. 1 A plot of the phase shift (lower bound value) for specific count-rates in the heralding detectors V1 (co-pol) and H1 (cross-pol) in 100 μs time bins. The colour map represents the QD-induced phase shift (lower bound value) measured via two independent detectors V2 (copol), and H2 (cross-pol).
This large rotation angle demonstrates that this simple low quality-factor design will enable deterministic light-matter interactions with very high extraction efficiencies (>60%). This is in spite of well-characterised spectral diffusion much slower (~kHz) than the exciton lifetime. Improved mode-matching and further optimisation of the structure may lead to structures with near unity efficiency.
